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(54) PHASE CORRECTION VALUE DETERMINATION METHOD OF RADAR DEVICE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To determine a phase correction value such that a zero direction and an electric 
central direction are coincident by demanding a final correction value in every channels from a first correction 
value and a second correction value. 

SOLUTION: A method for determining a phase correction value of a radar device providing with an array antenna 
comprising a plurality of element antennas as a receiving antenna comprises a first step in which a first correction 
value for correcting a phase deviation between respective channels of a plurality of element antennas is demanded 
in every channels; a second step in which a second correction value for correcting a deviation of a central 
direction and an electric central direction at the time of correcting a phase using the first correction value is 
demanded in every channels; and a third step in which a final correction value is demanded from the first 
correction value and the second correction value in every channels. Thereby, if a correction value for correcting 
an initial phase is demanded, a radar device in which a zero direction and an electric central direction are always 
coincident can be obtained. Namely, the radar device in which right and left detecting areas are symmetrical can 
be obtained. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the phase correction value decision approach of the radar installation equipped with the array antenna 
which consists of two or more component antennas as a receiving antenna The 1st step which calculates the 1st 
correction value for amending the phase gap between each channel of two or more of said component antennas for every 
channel, The 2nd step which calculates the 2nd correction value for amending gap with the direction of a core when 
performing phase correction using said 1st correction value, and the direction of an electrical condenser for said every 
channel, The phase correction value decision approach of a radar installation of having the 3rd step which calculates the 
last correction value according to said channel from said 1 st correction value and 2nd correction value. 
[Claim 2] The phase correction value decision approach of the radar installation according to claim 1 characterized by 
arranging the 1 st target at the front on the structure of said radar installation, operating said radar installation according 
to said component antenna channel, calculating a phase correction value from which the direction of said 1st target turns 
into the direction of nullity for said every channel in said 1 st step, and making this phase correction value into said 1 st 
correction value. 

[Claim 3] In said 2nd step, arrange the 1st and 2nd targets which have the reflective [ target / said / 1st ] cross section to 
said 1 st target and equal distance regular intervals, and said radar installation is operated. The phase correction value 
decision approach according to claim 2 characterized by performing phase correction by said 1st correction value, 
detecting said 1st [ the ] - the 3rd target, and calculating said 2nd correction value based on the disregard level of each 
target. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the phase correction value decision approach of the radar installation 
equipped with the array antenna which consists of two or more component antennas as a receiving antenna. 
[0002] 

[Description of the Prior Art] There is for example, a digital beamforming (DBF) radar installation as this kind of a 
radar installation. Since a DBF radar installation is a method which scans the range of desired electronically, its scanner 
section is unnecessary, and it is equipped with the features that it is strong to vibration etc. at a small light weight. 
Therefore, the use as a radar installation for vehicles is expected. 

[0003] By the way, in this kind of radar installation, it is necessary to arrange the phase between component antennas so 
that the direction of that target that each channel detects to the same target may be in agreement. Generally, this 
adjustment is attained by giving the phase correction value according to channel in the phase of signal processing. 
[0004] Since the phase correction value according to channel is the thing of a proper, it measures according to an 
individual and determines the value as each manufactured radar installation. As the decision approach of a phase 
correction value, there is the "error detection approach of a DBF radar" indicated by for example, the Toyota technical 
public presentation collection (December 25, 1997 issue, issue number 7294). According to this technique, a target is 
arranged in the location considered to be the transverse plane of a radar installation, a radar installation is operated 
according to a component antenna channel, and a phase correction value from which the direction of a target turns into 
the direction of nullity in each channel is calculated for said every channel. The phase between channels is in agreement 
by storing this phase correction value classified by channel in the storage section of that radar installation, and 
performing amendment by this phase correction value in the case of DBF signal processing. 
[0005] 

[Problem(s) to be Solved by the Invention] However, according to this conventional phase correction value decision 
approach, although the direction of nullity of each component antenna is in agreement, that direction of nullity is not 
necessarily in agreement with the electrical condenser of a radar installation. This originates in the attachment error of a 
radar installation case and an antenna etc. 

[0006] Therefore, when a radar installation is carried out to front detection, and it carries it in a vehicle, for example, 
and the direction of nullity of a radar installation is made in agreement with the transverse plane of a vehicle and is 
attached, the detection area of a radar installation shifts from a vehicle transverse plane, and there is possibility of 
detection malfunction. 
[0007] 

[Means for Solving the Problem] The 1st step which calculates the 1st correction value for being made in order that the 
phase correction value decision approach of the radar installation of this invention may solve such a problem, and 
amending the phase gap between each channel of two or more component antennas for every channel, It has the 2nd 
step which calculates the 2nd correction value for amending gap with the direction of a core when performing phase 
correction using the 1st correction value, and the direction of an electrical condenser for every channel, and the 3rd step 
which calculates the last correction value according to channel from the 1st correction value and the 2nd correction 
value. 

[0008] If the last correction value acquired by the phase correction value decision approach of this radar installation is 
stored in the storage section of a radar installation and the phase of each channel is amended with this last correction 
value in the signal-processing section, the phase gap between each channel is not only canceled, but the direction of 
nullity and the direction of an electrical condenser are in agreement. 
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[0009] It is desirable to arrange the 1 st target at the front on the structure of a radar installation, to operate a radar 
installation according to a component antenna channel, to calculate a phase correction value from which the direction of 
the 1st target turns into the direction of nullity for every channel, and to make this phase correction value into the 1st 
correction value in the 1 st step. 

[0010] Moreover, it is desirable to arrange the 1st and 2nd targets which have the reflective [ target / 1st ] cross section 
to the 1 st target and equal distance regular intervals, to operate a radar installation, to perform phase correction by the 
1st correction value, to detect the 1st - the 3rd target, and to calculate the 2nd correction value based on the disregard 
level of each target in the 2nd step. 

[001 1] If the direction of nullity and the direction of an electrical condenser are in agreement, the disregard level of the 
2nd and 3rd targets to the 1st target will become equal. On the contrary, a difference arises that both directions are 
inharmonious in the disregard level of the 2nd and 3rd targets. Therefore, the angular difference of the direction of 
nullity and the direction of an electrical condenser can be detected from the level difference, and the phase correction 
value equivalent to the angular difference can be made into the 2nd correction value. 
[0012] 

[Embodiment of the Invention] Drawing 1 is a flow chart which shows the procedure of the phase correction value 
decision approach of the radar installation which is 1 operation gestalt of this invention, and shows an example of the 
radar installation which applies this phase correction value decision approach to drawing 2 . 

[0013] The radar installation shown in drawing 2 is a common DBF radar installation. The array antenna which consists 
of n component antennas as a receiving antenna uses, and itis ******** The low noise amplifier (amplifier) and the 
mixer are formed for every component antenna channel, respectively, an input signal is mixed with a sending signal in 
each mixer, and the down convert of the input signal is carried out at baseband signaling. Each baseband signaling 
according to channel is inputted into an A/D converter through a filter, is permuted by the digital signal, and is sent to a 
digital digital disposal circuit (DSP circuit). 

[0014] A phase and the amplitude are freely changeable with digital processing in a DSP circuit, namely, the digital 
input signal of each channel — a certain regulation following ~ a phase -- if amplitude conversion is carried out and 
all channels are compounded, the directivity of an antenna can be formed in the direction of arbitration in the 
configuration of arbitration. This is called digital beamforming (DBF). 

[0015] Initial phase amendment is performed using the phase correction value which used and determined this operation 
gestalt on the occasion of the phase of this DBF processing, and amplitude conversion. The phase correction value is 
stored in the storage section in a DSP circuit. 

[0016] Hereafter, according to the flow chart of drawing 1 , the phase correction value decision approach of this 
operation gestalt is explained. 

[0017] First, at step SI 1, the 1st correction value deltaphii (i= 1, 2, --, n) according to channel for amending the phase 
gap between receiving-antenna channels is computed. 

[0018] Drawing 3 is drawing for explaining the approach at the time of computing the 1st correction value deltaphii. As 
shown in drawing 3 , the 1st target 32 which is a criteria target is arranged at the front on the structure of a radar 
installation 3 1 . A target 32 has a desirable point target like a corner reflector. Moreover, the location of a target 32 
should just be the near direction of a core. 

[0019] Subsequently, a radar installation is operated according to a component antenna channel in the state of this 
arrangement. If distance from a radar installation 31 to a target 32 is made into about 10m, it can consider that the 
electric wave which reradiates with a target 32 and carries out incidence to each component antenna is an parallel wave, 
it will detect the input signal of each channel in this condition, and will ask for a phase and the amplitude. 
[0020] Then, correction value is calculated for every channel so that other phases and amplitude of a channel may 
become the same on the basis of the phase and amplitude of the channel chosen suitably, for example, the component 
antenna channel located in the center of a receiving antenna. The phase correction value at this time turns into the 1 st 
correction value deltaphii (i= 1 , 2, --, n). If it puts in another way, a phase correction value from which the direction 34 
of the 1st target 32 turns into the direction of nullity will be calculated for every channel, and let this phase correction 
value be the 1st correction value deltaphii. 

[0021] In addition, in drawing 3 , the direction shown with a sign 33 is the direction of an electrical condenser of a radar 
installation 3 1 , and shows that only the include angle alpha has shifted [ 34 ] from the core rightward on structure. In the 
phase which attaches an antenna to the case of a radar installation, it is desirable to make in agreement the direction 33 
of an electrical condenser and the direction 34 of a core on structure: However, it is difficult to realize this, and it will 
become an inequality as both directions usually show in this drawing. The field shown as a continuous line 35 shows the 
effective beam range of a radar installation 31, i.e., the directivity of the beam resulting from an antenna pattern, and the 
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configuration serves as bilateral symmetry centering on the direction 33 of an electrical condenser. 
[0022] Next, it progresses to step SI 2. Here, as shown in drawing 4 , the 2nd target 41 and the 3rd target 42 which have 
the same reflective cross section as the 1st target 32 are arranged on both sides of the 1st target 32. All of the distance of 
a radar installation 31, and the 1st - the 3rd target 32, 41, and 42 are equal, and it is equal. [ of spacing of the 2nd target 
41 and the 3rd target 42, and the 1st target 32 ] That is, the 1st - the 3rd target 32, 41, and 42 are arranged on the radii 
centering on a radar installation 31, and that of the include angle theta 2 which the include angle theta 1 which the 
direction 43 which faces to the 2nd target 41, and the direction 34 which faces to the 1st target 32 make from a radar 
installation 3 1 , and the direction 44 which faces to the 3rd target 42 from a radar installation 3 1 and said direction 34 
make are equal. 

[0023] A radar installation 31 is operated in this condition, and the 1st - the 3rd target 32, 41, and 42 are detected. At 
this time, the phase of each channel is amended the first stage with the 1 st correction value deltaphii calculated at step 
SI 1, performs DBF processing after that, and detects a target. 

[0024] Drawing 5 is a graph which shows the DBF detection result at this time, and an include angle theta is taken along 
an axis of abscissa, and it has taken the disregard level along the axis of ordinate. Since the phase gap between each 
channel is amended by the 1st correction value deltaphii, the disregard level peaks 51 and 52 which show the 2nd and 
3rd targets 41 and 42 appear correctly in the location of include angles thetal and theta2 centering on the 1st target 34, 
respectively. 

[0025] Next, it shifts to step S13 and asks for three detection peak levels PL51, PC53, and PR52 corresponding to the 
2nd, 1st, and 3rd target. 

[0026] The disregard level peak of the electric wave reradiated from a reflective target, such as being in the equal 
distance from a radar installation 31, like the line shown with the sign 54 of drawing 5 decreases to bilateral symmetry 
centering on the location of the include angle alpha which is the direction of an electrical condenser. Therefore, a 
difference produces the detection peak levels PL51, PC53, and PR52 of the 2nd, 1st, and 3rd target like illustration. 
[0027] Then, next, it asks for an include angle alpha using the difference of these detection peak levels. 
[0028] First, in step S14, the detection peak levels PL51 and PR52 are compared, and it judges whether both are equal. 
If PL51 and PR52 are equal, the direction 34 and the direction 33 of an electrical condenser of the 1st target 32 can be in 
agreement, namely, can say that an include angle alpha is zero. In this case, the phase correction beyond this is 
unnecessary, the 1 st correction value deltaphii is determined as the last correction value, this is set as the storage section 
of a radar installation 31, and amendment processing (calibration) is terminated. 

[0029] In step SI 4, if there is a difference in the detection peak levels PL51 and PR52, it turns out that the direction 34 
and the direction 33 of an electrical condenser of the 1st target 32 are inharmonious. Then, in that case, it shifts to step 
S15 and the ratio, i.e., PL/PC, and PR/PC to the detection peak level PC 53 of the detection peak levels PL51 and PR52 
are first calculated by count, respectively. Then, it asks for an include angle alpha by map retrieval from level ratio 
PL/PC and level ratio PR/PC. 

[0030] Since the antenna pattern showed the directivity of a beam beforehand, if the arrangement to the radar 
installation 31 of three targets 32, 41, and 42 was decided, the relation between level ratio PL/PC and level ratio PR/PC, 
and an include angle alpha is specified as one kind. Therefore, if it saves beforehand by making this into a map table at 
ROM, it can ask for an include angle alpha from level ratio PL/PC and level ratio PR/PC. 

[003 1] At step SI 6, it asks for 2nd correction value phii (channel number: i i= 1, 2, --, n) by the following (1) type from 

the include angle alpha for which it asked. 

[0032] 

phii=2pi(i-l) dsin alpha/lambda — (1) 

It is the distance between component antennas in which lambda is sending-signal wavelength and d adjoins here 
mutually. 

[0033] Finally, in step SI 7, 2nd correction value phii is subtracted from the 1st correction value deltaphii, and the last 
correction value is acquired. And this last correction value is stored in the storage section of a radar installation 3 1 , and 
in case a radar installation 3 1 is operated, it sets up so that this last correction value may be used and initial phase 
amendment may be performed. 

[0034] In addition, although it is asking for the include angle alpha by map retrieval from level ratio PL/PC and level 
ratio PR/PC in order to raise precision with this operation gestalt, an include angle alpha can be specified only from one 
of level ratios. 
[0035] 

[Effect of the Invention] As mentioned above, whenever it calculates the correction value for initial phase amendment 
using the phase correction value decision approach of the radar installation of this invention, the radar installation the 
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»» 

direction of nullity and whose direction of an electrical condenser corresponded can be obtained. That is, a radar 
installation with symmetrical detection area on either side can be obtained. 
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